The road slope hazard, which is the occurrence rate of rock falls along the major roads, in the Northern part of Gifu prefecture, consists of Takayama, Furukawa and Gero areas (total 4,177 km 2 ), is evaluated in this paper. This rock fall rate is estimated in two flods. First, the relative rate of rock falls is estimated by the logistic regression analysis based on the inventory data of slopes along the major roads in the region which includes about 3000 slopes. The inventory data include past events records, as well as topological, geological and geotechnical characteristics of each slope evaluated by the experts in 1996. The slopes are also classified into three categories by the experts as "measures required', "continuous observation" and "no measure required". Based on this classification, the logistic regression analyses are carried out to rank the hazard of the slopes by their attributed characteristics as the explanatory variables. Once relative rate of rock falls are estimated for each slope, this rate is calibrated to the absolute rate by using the actual rock fall event records between 2004 and 2008. By these two folds estimation procedure, the absolute rate of rock fall for each slope along the roads are finally estimated. This study is a part of the development of a methodology for making road maintenance strategies based on risk. Thus, the information gained in this study is combined with other data for damage to propose the strategy for repair and maintenance plan of the road slopes in this region.
INTRODUCTION
In order to propose a methodology for making road maintenance strategies based on risk, we evaluated rock fall probability at each slope in Northern part of Gifu prefecture, which consists of Gero (851 km 2 ), Takayama (2534 km 2 ) and Furukwwa (792 km 2 ). Risk of a road slope, R, is defined as the product of the loss at the rock fall, D, and probability of the occurrence of the event, P, R=DxP, for all slopes under consideration. The task in this paper is to evaluate P for each slope.
DESCRIPTION OF DATA
Two kinds of data sets are employed in this study: one is "Stability assessment tables (SAT)" and the other is "Rock fall accident record (RFAR)".
(1) Stability assessment tables (SAT): SAT are the result of very intensive country wide slope inspection done in 1996, by the experts on road slopes for many geological and geotechnical characteristics, as well as past accident records and measures taken for each slope. (RMTC, 1996) . The number of categories for each item is listed in the table, most of which are 2 categories and some are 3 or 4. 3023 slopes in the regions were investigated at that time (Table 2) . Rock fall is an event where rocks in the slope fall to the road, and rock failure is an event where rock falls off from the original rock slopes. Each slope is evaluated by total scores that are accumulated from items the experts had given scores according to the given format. The slopes are also classified to three categories, namely measures required (MR), continuous observation (Ob) and no measures required (NM), by the experts themselves. Among the three regions, Furukawa is the most mountainous region and less densely populated than the other two regions, whereas Takayama is most densely populated among the three. Unfortunately, not all accidents had taken place in the inventory slopes. About 40% of them occurred in slope not included in the inventory as shown in Table 2 . Special consideration is required in treating such events.
It should also be noticed that Furukawa area had a higher number of accidents compared to the other two regions. Actually, Furukawa has only one third of the area compared to Takayama, yet the number of the events are almost the same.
METHOD OF ANALYSIS
The assessment of the road slopes are done in two steps: fist by the logistic regression analysis on SAT data to obtain relative failure probability of slopes, P s ; then RFAR data is used to calibrate P s to the absolute failure probability, P z .
The relative failure probability assessment: The logistic regression method is usually employed to analyze cases where dependent variables are measured on a binary scale, e.g. failure vs. non-failure (Cox, 1970; Dobson, 1983) . In the present case, however, the outcomes are categorized into three cases, where measure required (M.R.), continuous observation (Ob) and no measure required (N.M.). Therefore, the dependent variables are given by the representative accumulation rate (Y) in the logistic regression analysis.
The calculation procedure of the representative accumulation rate (Y) is explained by taking case of the Gero area as an example. In the Gero rock fall case (see Table 2 The logistic regression model is given as follows:
where X = explanatory variable vector, = regression coefficient vector. The logistic regression analysis is solved by R language (Venables and Ripley, 2001 ). The best combination of the independent variables is determined by stepwise regression procedure (the forward method) taking AIC and some engineering judgment as criteria.
The absolute failure probability assessment: In the second step, the relative failure probability, P s , obtained in the first step is calibrated to the absolute failure probability, P z , based on RFAR data. The calibration is made so as the mean absolute rock failure probability of each category of slope in each region coincides with the failure probability obtained from the RFAR data. A conversion factor from the relative to the absolute failure probability, i.e. P s to P z , is given in the formula below: 
FIG. 2 Relative failure probability of natural slopes in Takayama area
where N i = total number of slopes in category i in a region, N iF = number of failed slope in category i in a region, P sij = the relative failure probability of j-th slope in category i in a region, K i = the conversion factor for category i in a region. The conversion factor was also adjusted for slope failures in non-inventory slopes by increasing the number of slope failures according to the ratio of the number of failures in each category. Thus, the conversion factor has been modified as
where N iF * = assigned number of failure in non-inventory slopes to the inventory slopes. Ki* = conversion factor from the relative failure probability to the absolute.
RESULTS OF ANALYSIS
Relative failure probability assessment: The selected explanatory variables for rock falls in each area for the treated and natural slopes are presented in Table 1 . In all models, 'past rock fall record' is selected. Other selected variables are different from a region to a region and from treated to natural slopes. Variables such as items related to 'topography', 'surface conditions' and 'abnormal phenomena' are selected.
It is chosen to build different models for the different regions so as to reflect the geological, geotechnical and other features of each region.
Logistic regression analysis for rock failure is also carried out. However those results are not presented in this paper due to the limitation of the space. A unified model is chosen in rack fall case because the explanatory variables selected are not very different from a region to another. Figure 2 presents a result of logistic regression curve and the actual frequency distribution in Takayama region for the natural slopes. It is understood from the figure that the three categories of slopes, namely MR, Ob and NM, are fairly well separated. Especially the separation of NM to the other two is apparent, whereas MR and Ob are rather mixed. The general characteristics are the same for the other two regions. Figure 3 shows obtained relative failure probability for rock failure in all regions. A unified model for all regions is adopted in this case. It is apparent that separations among the three categories are poor in this case, and many failure cases of different categories are overlapping. This reflects the fact that evaluation of rock failure probability is more difficult compared to rock fall.
Absolute failure probability assessment: The absolute failure probabilities for all slopes are presented in Figure 4 . The followings are observed:
The absolute failure probability generally is 2 to 3 times higher in Furukawa region compared to the other two regions. This is reflecting the number of rock fall accidents and total number of slopes that are shown in Table 2 . Because the number of slopes susceptive to rock falls are much higher in Furukawa and Gero region, rock fall is much greater cause of accidents than rock failure in these two regions. It is different in Takayama region, where rock failure is also important compared to rock fall. It is observed in all regions that spreading of the absolute failure probability is wider in rock fall than in rock failure. It is also observed that the distributions of rock failure stay in the middle of those of rock fall. This is due to the narrower distribution of the relative failure probability of rock failure compared to those of rock fall we have observed in Figures 2 and 3 . This paper is a part of the study to propose a methodology for making road maintenance strategies based on risk. All the slopes evaluated above are slopes along the road in the Northern Gifu prefecture. The roads compose a network which consists of nodes and links. We can actually calculate the annual occurrence probability of rock fall on each link based on the results. Figure 5 actually presents the worst 20 links in the network with the higher failure probabilities. This information was linked to the economic loss caused by road closure induced by rock falls to evaluate the risk.
CONCLUSIONS
The conclusions that can be drawn from the analysis are as follows:
(1) The relative failure probability of each slope is successfully estimated based on SAT data by logistic regression analysis that takes into account the experts' evaluation, past accident records and measures taken at slopes. (2) The absolute failure probability of each slope is estimated by calibrating the relative failure probability based on RFAR data. Since this failure probability has the same magnitude of failure rate to the real data, it can be used in the risk calculation.
